The use of N,Nʼ,Nʼʼ,Nʼʼʼ-tetramethyltetra-2,3-pyridinoporphyrazinato copper(II) methyl sulfate as an efficient catalyst for the conversion of carbonyl compounds into their cyclic 1,3-dithioacetals and 1,3-oxathiolanes under mild reaction condithions is described.
INTRODUCTION
Protection of organic compounds is an interesting and versatile tool in multistep organic syntheses [1] . Due to the resistance of thioacetals towards hydrolytic cleavage under ordinary acidic and basic condition, the protection of carbonyl groups as their cyclic dithioacetals has long attracted considerable attention [2] . Thioacetalyzation of carbonyl compounds is of great importance in synthesis. Since the introduction of 1,3-dithianes as nucleophilic acylating reagents [3] , dithioacetals have become widely used C-C bond formation tools. Furthermore, the stability exhibited by 1,3-dithiolanes, under acidic and basic conditions, has led to their synthetic utility as carbonyl protecting groups and intermediates for the conversion of carbonyl compounds into their parent hydrocarbonds [2] . A large number of methods have been reported for the preparation of thioacetals from carbonyl compounds employing acid catalysts such as Zn (OTf) 2 or Mg(OTf) 2 [4] , BF 3 . Et 2 O [5] , AlCl 3 [6] , TiCl 4 [7] and LaCl 3 [8] . Recently, LiBr [9] , InCl 3 [10] , and LiBF 4 [11] systems have been reported to show chemoselectivity. These Lewis acids are destroyed in the work-up procedure and may not be recovered and reused. However, the developments in this area demand further investigations for better catalysts that could be superior to the existing ones with regard to toxicity, handling and recylability.
Unlike porphyrins and phthalocyanines, the catalytic properties of tetrapyridinoporphyrazine-based catalytic systems have received little attention. However, the autoxidation of cumene and thiols catalyzed by their metal complexes have been reported [12, 13] Table 1 shows that for all the metal centers, the coordinative solvent CH 3 CN is more convenient than CHCl 3 . However, the catalytic reactivity of N,Nʼ,Nʼʼ,Nʼʼʼ-tetramethyltetra-2,3-pyridinoporphyrazinato copper(II) methyl sulfate is more sensible to the donor ability of solvent than the others. Using CH 3 CN instead of CHCl 3 , reduced the reaction time with a cofficient of ca. 0.055. It is known that Co(II) and Zn(II) tetrapyrroles with relatively plannar rings, exist as five coordinated species [15] with solvent molecules as the fifth axial ligand. Hence, addition of carbonyl compounds as axial ligand would replace the coordinated solvent molecule in mentioned complexes. It has also reported that copper complexes are four coordinate, i.e. they lack axial ligands [16] . As a result, replacing the nearly strong bound solvent molecules in Co(II) and Zn(II) complexes with carbonyl compounds is relatively more difficult and hence a smaller catalytic activity comparing to Cu(II) complex could be expected for this process. A considerable decrease in benzaldehyde conversion time in the presence of 3 when comparing X = O to X = S may be related to the better nucleophilicity of oxygen than sulfur atom for carbonyl compounds (hard or soft effect, size or energy of C, O comparing to C, S). As seen in Table 1 , changing the solvent polarity can alter the reaction time. It can be attributed to the higher stability of species 4 in polar solvent (Scheme 4).
It seems that the effect of changing the solvent polarity on reaction time in the case of the Cu(II) complex is much more than for the Co(II) and Zn(II) complexes due to better coordination of carbonyl compounds to the four coordinate Cu(II) complex.
According to the results obtained, [Cu(2,3-tmtppa)]
4+ was found to be the most suitable and Table 2 .
On the basis of the data (Table 2) , the best molar ratio for preparation of oxathiolanes and dithioacetals is 625. We also, in another set of experiments, studied the conversion (%) of these transformation per time.
According to Figs 1 and 2 , it is possible to calculate turnover numbers of these transformation (Scheme 2) [17] . We then applied our optimized conditions for the conversion of structurally different aldehydes and ketones to their corresponding oxathiolanes and dithioacetals (Scheme 3). The results are shown in Table 3 .
The mechanism of the reaction is not very clear to us. The catalytic activity of [Cu (tmtppa)] 4+ could well be attributed to the Lewis acidity of the complex (Scheme 4).
The mechanism in Scheme 4 suggests that an initial interaction within the copper/ carbonyl oxygen generates the carbonylbound copper species 2. Upon nucleophilic attack of 3, this copper complex then produces the copper complex 4. An interamolecular nucleophilic attack in complex 5, with concomitant loss of a water molecule, produces oxathiolenes and dithioacetals 6. Regeneration of catalyst 1 initiates a second catalytic cycle.
Nevertheless, at this time there is no experimental evidence for this feature of 1, and the actual role of this reagent should be further studied in detail. ..
Cu Scheme 4.
EXPERIMENTAL General
The products were purified by column chromatography and the purity determinations of the products were accomplished by GLC on a Shimadzu model GC-10A instrument or by TLC on silicagel polygram STL G/UV 254 plates. FT-IR spectra were recorded on a Perkin Elmer RXI spectrometer. NMR Spectra were recorded on a Brucker Avance DPX 250 MHz instrument. The catalysts were prepared and purified by the method described in the literature [18] . Two kinds of related compounds, namely the 2,3-pyridinoporphyrazine and 3,4-pyridinoporphyrazine have been reported. The metal complexes of these compounds are synthesized by a template procedure analogues to that of phthalocyanidine. The most common methods use dicyanopyridine or pyridinedicarboxylic acids. 2,3-pyridinoporphyrazine complexes are synthesized from 2,3-dicyanopyridine or 2,3-pyridinedicarboxylic acids. The synthetic methods for 3,4-pyridinoporphyrazines are essentially similar to those of the 2,3 congeners. The solubility of these complexes in common organic solvents is considerably low. The N,Nʼ,Nʼʼ,Nʼʼʼ-tetramethylated quaternized forms of tetrapyridinoporphyrazines are tetra positively charged and hence water-soluble. The water-soluble form of the mentioned complexes are prepared by quaternization of the pyridine nitrogen with dimethyl sulphate at 120 °C in dimethylformamide [18, 19] .
Typical procedure for the oxathioacetalization of benzaldehyde
To a solution of benzaldehyde (0.106 g, 1 mmol) in acetonitrile (3 cm 3 ) and 2-mercaptoethanol (0.078 g, 1 mmol), [Cu(tmtppa)] 4+ (0.0017 g, 0.0016 mmol) was added and the mixture was refluxed. GC analysis showed that the reaction was completed after 20 min. Then the reaction mixture was filtered. Column chromatography of the filtrate on silica-gel using n-hexane as eluent gave 2-phenyl-1,3-oxathiolane in (0.1626 g, 98%) isolated yield. 
CONCLUSION
In conclusion, the presented catalyst is efficient, mild, readily regenerable for the protection of carbonyl compounds as their cyclic S,S-acetal, ketals and 1,3-oxathiolanes in good to high yields. In a set of experiments we investigated the regenerability of the catalyst (Table 4) .
Complete conversion has been obtained in the reaction of ethyl methyl ketone with 2-mercapto- ethanol and 1,3-propandithiol in the presence of catalys which regenerated after 6 times. The 7th reused catalyst gave 90 and 83% conversion respectively in reactions mentioned above. In this study we not only investigate one of the catalytic effects of [Cu(tmtppa)] 4+ in organic synthesis, but also introduced an efficient solid acid catalyst for protection of carbonyl compounds. This complex is an interesting catalyst with high reusable capacity, which is easily separated from the reaction mixture. Other advantages of this method are easy work up and isolation of the product.
